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ilhs  purpose  of  these  teste  ns  to  determine  the  effect  of  ethflene  oxide 
containing  1/h  of  I $  carbon  disulphide  on  a  sheet  of  KEL-F  material  con¬ 
taining  no  plasticizer.  A  diaphragm  material  resistant  to  ethylene  oxide 
is  desired  for  use  in  fuel  cells  which  could  be  operated  in  the  XQ-5 
missile .  V 

\  INTRODUCTION: 

Previous  reports  KSD-1817  and  MSB-3005  covered  tests  of  a  plasticized 
KEL-F  (LP-20)  material  in  contact  with  liquid  ethylene  oxide  which  con¬ 
tained  1/U  of  1$  of  carbon  disulphide.  After  an  exposure  time  of  one  week 
at  200°F,  Lie  material  lost  19.1;%  of  its  weight.  Tests  run  at  150°F  showed 
the  weight  loss  to  be  19.26%.  The  plasticizer  appeared  to  behave  as  a 
catalyst  in  promoting  polymerization  of  the  ethylene  oxide,  and  a  polymer¬ 
ization  residue  of  0.57%  based  on  the  weight  of  ethylene  oxide  was  obtained. 
The  material  was  Judged  unsuitable  and  it  was  the  proposed  to  conduct  addi¬ 
tional  teats  on  a  KEL-F  material  containing  no  plasticizer.  This  material 
la  designated  "Cali film"  and  is  supplied  by  the  Shamban  Engineering  Co., 
11617  W.  Jefferson  Blvd.,  Culver  City,  California.  This  report  gives  tin 
results  of  testa  conducted  on  the  untreated  samples  and  on  material  exposed 
to  liquid  ethylene  oxide  containing  1/h  of  1%  carbon  disulphide  for  one 
week  at  150°F. 


CONCLUSIONS: 

1.  The  material  is  not  uniform  in  thickness.  While  supposed  to  have 
*  no?^al  thickness  of  0.010",  the  actual  thickness  varied  from 
0.00825"  to  O.Oli*".  It  ia  believed  that  this  wide  variation 
would  make  this  particular  sheet  material  unsuitable. 

2.  Calender  markings  on  the  sheet  are  undesirable.  They  cause  marked 
anisotropic  behavior. 

3.  The  sheet  material  exhibits  greatest  strength  and  percent  elonga¬ 
tion  in  a  direction  parallel  to  the  calender  marking*. 
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h.  Cue  to  the  calendar  .'i&rkinjs  and  variatione  in  thickness,  there 
is  wide  variation  in  tensile  and  elongation  values  obtained  from 
different  specimens  cut  in  the  sane  direction.  The  rreatnnt 
▼a 7*1  a ti on  occurs  in  specimens  where  the  markings  are  normal  to  the 
long  axis  of  the  specimen. 

5.  The  KEL-F  sheet,  unexposed  to  ethylene  oxide,  had  an  average  ten¬ 
sile  strength  in  a  direction  parallel  U.  the  markings  of  5833  pei  and 
the  percent  elongation  at  failure  was  lb3*.  For  specimens  with  mark¬ 
ings  nomal  to  the  long  a_ris ,  the  corresponding  figures  are  5b00  pel 
and  110*  x'ejtTvw'tiw^ . 

6.  Specimens  exposed  to  liquid  ethylene  oxide  under  the  test  condi¬ 
tions,  and  then  allowed  to  stand  at  room  temperature  for  lbO  hours 
to  dissipate  any  absorbed  ethylene  oxide,  showed  increases  in 
weight.  This  weight  increase  averaged  1.16*  for  samples  0.0095" 

In  thickness,  and  l.ii3*  for  samples  0,0125*  in  thickness.  Average 
weight  increase  far  all  samples  was  1.30*.  This  increase  appears 
to  be  permanent  and  la  probably  due  to  chemical  reaction  rather 
than  physical  absorption. 

7.  Exposure  to  ethylene  oxide  for  one  week  at  150°f  resulted  in 
lowering  the  tensile  strength  to  2685  pai,  a  reduction  of  about 
ur.5*. 

8.  Exposure  to  ethylene  oxide  increased  the  percent  elongation  at 
failure  from  122*  for  untreated  material  to  268*  for  exposed 
material. 


10. 


12. 


12. 


While  no  tensile  measurements  were  made  on  Cali  film  immediately 
after  removal  ftom  the  liquid  ethylene  oxide,  the  material  was 
very  much  more  pliant  and  yielding  than  after  all  the  ethylene 
oxide  had  diffused  out  of  it.  It  is  therefore  to  be  expected  that 
if  such  measurements  had  been  made,  they  would  have  shown  consider- 

i ^  I*1U<S8  and  hlKher  Percent  elongation  at  failure 

in  the  ethylene  oxide  saturated  condition. 

"*  be  UMd  iD  «teaiP‘,  it  is  very  i*por- 
T**  differenc®  111  behavior  between  material  uT 
saturated  and  ethylene  oxide  free  condition  be  taken  into  account. 

If  the  dimensional  difficulties  of  the  present  sheet  material  can 
be  overcome,  it  might  be  advisable  to  thoroughly  investigate  the 

£S  S  ln  V“  SE.  STSCiLi" 

win  be  required  to  perform  in  that  condition. 

oaaea  on  the  wight  of  ethylene  oxide  used.  This  coma res  with 

«lth  .  plasticised  KEL-f  re£?£2  5 

T*1U8  f0f.polyaerit-Uon  residue  is  believed 
to  rate  the  Cali  film  as  excellent  in  this  ro.-pect.  It  further 
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1?.  -  continued: 

indicates  ite  narked  uuperiority  oV6r  the  plasticized  KEL-F. 

13.  dailfiln  exposed  to  etlylone  oxide  picks  up  3-37%  of  its  weight.  About 
2%  of  this  is  ■•rely  absorbed  as  ethylene  oxide  and  is  released  slowly 
when  the  sanples  arc  c.:pc3ed  in  air  at  roan  temperature .  The  remin¬ 
der  i s  held  by  the  material,  probably  as  a  chemical  addition. 

111.  Couparicon  of  Califiln  with  the  plasticized  KEL-F  (LP-20,  previously 
investigated  in  HSD  Report  #3005)  shows  that  in  the  untreated  state 
the  C*li film  has  approximately  twice  the  tensile  strength  of  the 
plasticised  material.  While  both  materials  suffer  considerable 
loss  in  strength  on  exposure  to  liquid  ethylene  oxide,  the  Califiln 
still  has  a  36%  higher  tensile  strength  after  one  week's  exposure 
at  150°F. 


FHOeSDPBBt 

Tost  specimens  were  prepared  of  the  usual  "dumbbell”  type  used  for  tensile 
determinations.  These,  in  dimensions,  conformed  to  ASTK  D638-52T,  Type  1. 
Twelve  sanples  were  prepared  for  tensile  tests  of  unexposed  material.  Six 
of  these  were  cut  so  that  the  calendar  markings  were  parallel  to  the  long 
axis  of  the  specimens,  and  six  were  cut  so  that  the  markings  were  at  right 
angles  to  tbe  long  axis. 

Four  samples  were  prepared  for  use  in  the  exposure  teat,  two  with  calendar 
markings  parallel  to  the  long  axis  and  two  at  right  angles  to  it.  Since  any 
conventional  marking  would  probably  be  removed  by  the  ethylene  oxide  (sud 
it  was  desirable  not  to  mark  the  exposure  specimens  mechanically),  spool- 
mens  were  cut  successively  shorter  in  length  and  identified  by  this  mans. 

Exnosurw  sanples  were  weighed  before  being  placed  in  the  pressure  vessel. 
After  the  test  period,  the  specimens  were  removed  and  weighed  at  intervale 
up  to  llil  hours. 

The  pressure  vessel,  used  has  been  described  previously  (H30  Report  #3005). 

The  specimens  to  be  exposed  were  placed  in  the  vessel  which  was  then  iwwy**"- 
tad  to  the  ethylene  cod.de  storage  tank  by  mans  of  a  piece  of  3/l£m  stainless 
steel  tubing.  Liquid  ethylene  oxide  was  then  run  into  the  open  vessel  to  s 
point  somewhat  above  a  predetermined  level.  The  liquid  was  allowed  to  boil 
down  to  this  level  and  a  quantity  of  carbon  disulphide,  calculated  to  give 
lA  of  It  by  weight  of  the  ethylene  oxide,  then  added.  Tbs  mixture  was 
then  stirred  with  a  glass  rod  and  the  lid  screwed  on  and  tightened  securely. 
The  syst&a  was  checked  for  leaks  and  the  assembly  placed  in  a  thermostati¬ 
cally  controlled  oven  at  150°F.  It  was  Maintained  at  this  tmnperature  for 
one  week. 

The  pressure  vessel  was  then  removed  from  the  ofen  and  allowed  to  cod  to 
room  temperature.  The  stolen*  oxide  was  dlschargsd  into  s  weighed  $0  ml. 


PROCEDURE  t  (Continued) 


beaker  ir.  several  ciepi.  The  o;d.de  was  evaporated  on  the  not  plate  at 
220°T  and  the  polymerisation  residue  obtained  by  difference.  The  pressure 
▼easel  was  then  rpencd  and  the  staples  removed  far  the  weight  determinations . 

Tensile  teats  :rcre  run  on  a  3aldwin-2mery  SR-li  testing  machine. 


RESULTS  s 


Table  1 


Tensile  Testa  on  Untreated  Callfilm 


SAMPIP.  NO. 

TfUCfOBSS  (Inches) 

TENSILE  STRENGTH  (Psi) 

%  ELONGATION 
AT  FAILURE 

1 

0.01# 

6031* 

168.8 

2 

0.0120 

6122 

93.8 

5 

0.0130 

5U20 

197.5 

6 

0.011*0 

5380 

93.9 

7 

0.0120  . 

5610 

200.00 

3 

0.0125 

61*30 

112.5 

Average 

0.0129 

5833 

11*2.8 

Calender  Mai 

SAMPLE  MO. 

ks  -  Transverse 

THICKNESS  (Inches) 

TENS  IIP  STRENGTH  (Psi) 

%  ELONGATION 
AT  FAILURE 

3 

0.00*3 

2963 

37.5 

U 

0.0090 

7299 

106.3 

9 

0.00*5 

7300 

100.0 

10 

0.0100 

1*150 

137.5 

11 

0.0090 

531*5 

162.5 

12 

0.0090 

51*50 

113.8 

Average 

0.0091 

51*00 

110.1* 

Figure  1  shears  the  amearanoe  of  the  calendering  narks.  The  material  seems 
to  bo  oiled  up  at  the  3ite  of  the  markings  in  the  fora  of  a  series  of  small 
▼•8,  the  bottom  of  the  V  minting  in  the  direction  of  rolling. 

Figure  2  shows  an  enlarged  nhotomicro^raph  shoving  "ortions  of  two  such 
calender  markings. 

Figure  3  shows  one  such  calender  marking  as  observed  under  high  magnification 
an  the  microscope.  The  variation  in  thickness  is  clearly  evident  in  the 
■urklng. 
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T*ble  2 


Length 

Width 

Thickness 

Weight 

Calender  marks 


Measurements  on  the  Test  Samples 
Before  Fxrnsure  to  Ethylene  Oxide 


SAUPIF  n. 


SAMPLE  #2  SAMPLE  #3  SAMPIE  fit 


S.h 7 

0.h990 

0.0115 

2.21*1*5 

Lengthwise 


6.27 

0.5000 

0.0130 

2.3610 

Lengthwise 


6.00 

0.5070 

0.0090 

1.6111 

Transverse 


7.71* 

o.l»pio 

0.0090 

1.5555 

Transreree 


Table 


Weights  of  Specimens  at  '.‘arions  Times 
After  Rpno'-’tl  from  the  Ethylene  Oxide 


HOURS  AFTER  SAMPLE 


WAS  RKMCFET) 

SAMPLE  #1 

SAMPLE  #2 

SAMPLE  #3 

SAMPLE 

0 

2.3270 

2.1*1*75 

1.6620 

1.6035 

2.25 

2. 3^*2 

2.1*265 

1.61*99 

1.5921* 

6S.50 

2.2706 

2.1*010 

1.6329 

1.5762 

?i.5o 

2.2795 

2.1*008 

1.6330 

*  1.5761 

11*0.75 

2.2756 

2.3955 

1.6301 

1.5732 

Table  1*  shows  the  weights  of  samples  imnediately  after  removal  from  the 
liquid  ethylene  oadde  and  when  they  were  essentially  in  the  saturated 
condition.  The  3  an  ulus  wore  completely  surface  dry  and  exhibited  no  riaual 
difference  from  unt ranted  material.  Physically,  however,  there  was  a  marked 
difference.  The  material  was  much  more  limber  and  loss  snringy  than  the 
untreated  Califiin.  After  standing  far  11*0  hours  and  losing  tho  ant rap pad 
ethylene  oxide,  the  specimens  snaiaad  to  regain  much  of  their  original  prop¬ 
erties. 

Table  1* 


Weights  of  Samples  Before  and  After  Removal  frog  Ethylene 


SAMPLE  # 

ORIGINAL 

WEIGHT  lMi«DIAT£LT  AFTER 

WEIGHT 

%  WEIGHT 

WEIGHT 

REMOVAL  7RCK  ETHTUOB  OXIDE 

•papnLy™ 

1 

2.21*1*5 

2.3270 

0.0825 

3.69 

2 

2.3610 

2.  *4*75 

0.0665 

3.53 

3 

1.6111 

1.6620 

0.0509 

3.16 

1* 

1.5555 

1.6035 

0.0*80 

3.09 

Average  %  weight  increase  (saturated  oondition)  -  3*37 
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RESULTS  i  (Continued) 

Table  5  gives  comparable  figures  for  the  samples  after  they  were  allowed 
to  stand  for  UtO  hoars  to  lose  their  re si  dial  ethylene  oxide.  It  Is 
nonwl  that,  as  shown  in  both  Tables  1*  and  5,  the  higher  percent  weight 
Increase  in  both  the  saturated  and  dried  condition  occurred  in  the  thicker 
specimens.  No  adequate  explanation  la,  at  present,  available  to  account 
for  this  phenomenon.  Possible  future  work  on  thicker  material  may  confirm 
these  observations  and  throw  soma  light  an  this  behavior.  The  actual 
processes,  beat  tresUmnt,  etc.,  used  to  produce  the  sheet,  probably  have 
an  important  bearing  on  its  properties  and  behavior. 


SAMPLE  # 

ORIGINAL 

WEIGHT 

Tabla  5 

WEIGHT  AFTER  11*0  HOOKS 
AT  ROOM  TEMPERATURE 

WEIGHT 

INCREASE 

%  WEIGHT 
INCREASE 

1 

2.21*1*5 

2.2756 

0.0311 

1.39 

2 

2.3610 

2.3955 

0.031*5 

1.1*6 

3 

1.6111 

1.6301 

0.0190 

1.18 

U 

1.5555 

1.5732 

0.0177 

l.llt 

Average  %  weight  increase  (dry  condition) 

Table  6 


-  1.30 


Tensile  Testa  on  Exposed  Califilm 


SAMPLE  NO. 

THICKK3S  (Inches) 

TENSILE  STRENGTH  (Psi) 

*  ELONGATION 

AT  FAILURE 

1 

0.012 

3330 

212.5 

2 

0.013 

21*1*0 

325 

Average 

0.125 

2885 

268.8 

Calender  Marks  -  Transverse 

SAMPLE  NO.  THXCMCSS  (Inches) 

TENSILE  STRENGTH  (Psi) 

*  ELONGATION 

AT  FAILURE 

3 

0.0095 

2570 

262.5 

k 

0.0090 

3200 

331.8 

Average 

0.00925 

2885 

297.2 

l 


I 


Table  6  gives  results  on  exposed  samples  which  were  allowed  to  raanla 
at  room  temperature  far  lltO  hours  before  pulling  in  the  tensile  machine 
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TOOTHER  WCRK» 

Since  the  materiel  has  good  tensile  strength  and  elongation  properties  and 
produces  a  lew  polymerization  residue,  It  appears  worthwhile  to  study  it 
further. 


Because  exposure  to  ethylene  oxide  reduces  the  tensile  strength  Markedly’ 
and  because  such  strength  Is  again  farther  reduced  when  the  Material  ia  in 
a  saturated  condition,  a  sheet  having  sufficient  thickness  would  have  to 
be  chosen  to  allow  for  these  reductions.  While  stress  analysis  is  beyond 
the  scope  of  this  investigation,  some  effort  should  be  Made  to  determine 
just  vhat  tensile  strength  is  required  in  the  application,  from  this,  with 
a  proner  factor  of  safety,  the  required  thickness  of  Material  could  be  cal¬ 
culated.  Because  3uch  data  ia  not  now  available,  only  s  general  impression 


can  be  given.  It  is  felt  that  0.010"  Material  is  probably  too  thin  to  use. 


i  Efforts  should  be  made  to  obtain  a  Material  which  1b  more  uniform  dimension- 
ally;  also,  the  material  should  be  free  of  calender  Markings.  The  vendor 
should  be  questioned  i-egurding  these  natters  and  actual  processing  methods. 
Such  information  might  shed  some  light  on  the  observed  behavior  of  the 
Material.  If  r;- ceasing  methods  and  limitations  are  known  in  detail,  it 
might  be  conceivable  that  a  material  similar  to  that  tested  could  be  used 
if  sufficient  allowance  were  made  for  the  variation  inherent  in  the  Material. 

In  further  test  work  where  determination  of  weight  change  may  not  be  neces¬ 
sary,  tensile  tests  should  be  run  on  sneclaens  in  as  close  to  saturated 
condition  as  possible,  since  this  is  t  ia  environment  under  which  the 
diaphragm  will  be  required  to  perform 

Information  recently  acquired  from  H.  W.  Kellogg  Company,  manufacturers  of 
KEL-F,  indicates  that  the  Calif ilm  tested  was  an  extruded  material.  Thsy 
advise  that  for  a  diaphragm  material,  much  better  results  may  be  obtained 
by  spraying  a  KEL-F  dispersion  onto  a  metal  back-up  sheet  of  the  proper 
configuration.  Any  desired  thickness  may  be  built  up.  The  coating  alter 
spraying  is  heated  to  500°F  to  coalesce  '  individual  particles  and  produce 
a  continuous  sheet  free  of  pinholes  end  h»  all  the  desirable  properties 
of  an  extruded  material.  Thickness  may  be  held  to  0.001”.  This  should 
produce  a  diaphragm  with  more  uniform  mechanical  properties. 
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PHOTOMICROGRAPH  OF  ^LIFIIX  SHOWING  PORTIONS 
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